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1 ^CONTROL OF IACTATION 1 " 

2 



3 The present invention relate* to the identification 

4 of three peptides which have a regulatory role in 

5 the control of milk secretion. The present 
invention further provides for the use of the 
identified peptides and antibodies thereto for the 
control of milk secretion in lactating animals. 



9 including humans. 
10 
11 
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Constituents of milk are known to control the rate 
of milk secretion according to the frequency and 
completeness with which those constituents are 
removed through the demand of the offspring or the 
farmer's husbandry. This biochemical feedback 
within the breast or udder acts to modulate the 
lactation-promoting effects of galactopoietic 
hormones, and its regulatory characteristics, but 
not all the active factors in milk, have been 
described by studies on lactating ruminants at the 
Hannah Research Institute, Ayr, Scotland. 



1 " be ° n P«^»»ly shown that one factor active 

2 . in goaf, and milk ls a 7.0-7.6 kDa protein 

.3 present in a whey protein extract of mi!* £rom thMe 

4 animals. This factor was shown to decrease lactose 

5 ■ ^~-s y nthssi.-^- OTl ^ d .^- 1 -^ a pisces o£ 

« rabbxt mammary tissue, and to decrease temporarily 

7 the rata bf milk secretion when injected into a 

* single mammary gland of the Bame species via 

5 teat canal. 
10 



These studies did not demonstrate a relationship 
between the concentration of the 7.0-7.6 protein 
m oows milk and the animal's rate of milk 
secretion. sr>d therefore no pivotal role for this 
protein in the feedback control of milk secretion by 
mrlk removal was demonstrated, xt has remained a 
challenge to determine whether there are other 
inhibitory factors which are present in cows milk, 
and whzch act to match supply of milk with the 
demand through a process of feedback inhibition. 

According to a first aspect of the invention there 
is provided a peptide including the amino acid 
sequence RPKHPIKHQQ (SE Q ID BO: x) , AVAVSQEAB (SEQ 

K ° !2) OT 8Bmm » <S=Q ID H o=3, or an analogue 
thereof . * 

Preferably the peptide is combined with at least one 
other of the two peptides inducing the amino acid 
sequence shown in SEQ u> H0=1, SEQ id Sos 2 or 

» this combination reducing milk secretion in 

animals, including humans. 



1 Preferably the : amino acid sequence shown in SEQ ID 

W>«1, SEQ ID Ho: 2 and SEQ ID NO,3 is the N- terminal 
3 sequence of the peptide/ 

4- • 

Preferably the peptide can- be co-purified with each 
of the other peptides including the amino acid 
sequence shown in SEQ ID MO.-l, SEQ ID No: 2 or SEQ 
ID NOx3 from a 6-30 kDa fraction of whey protein of 
9 cow's milk. 
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in particular, the peptides can be purified from 
cow's milk by a series of chromatographic separation 



13 techniques . 
14 
15 



Specifically, when a 6-30 kDa fraction of the whey 
proteins of cow's mi lk is resolved by gel filtration 
on a cross-linked copolymer of allyl dextran and N , W 
methylenebisacrylamide having an average particle 
size of 47 um, such as Sephacryl S-loo (Pharmacia) . 
The fourth-eluting component resolved by this 
method, "peak S4", comprises the inhibitory 
22 peptides . 
23 

More specifically, the peptides are co-purified when 
a nominally 6-30 kDa fraction of the whey proteins ' 
of cow's milk is resolved by gel filtration on a 
cross-linked copolymer of allyl dextran and N,ST 
methylenebisacrylamide having an average particle 
size of 47 um, such as Sephacryl S-100 (Pharmacia) . 
The fourth-eluting component resolved by this 
method, "peaks*", comprises the peptides, when 
peak S4 is resolved further by peptide gel- 



r ..filtration chromatography on a gel of dextran 

covalently bonded, to highly cross-linked agarose 
beads with a mean diameter of 13-15 pm, such as ' 
Superdex Peptide HR (Pharmacia), the leading edgeof. 
the major eluted component- e luting at-s-l-l-.-S-ml- - 
designated P8-11A, contains the inhibitory peptides! 
Further, when fraction P8-11A is resolved by 
reversed phase chromatography on a reversed phase 
column (Genesis 25 cm, CIS 4micron; Jones 
Chromatography), the fractions eluted after 34-36 
min at a concentration of 36-39% acetonitrile, in a 
linear gradient of same in 0.1% trif luoroacetic 
13 acid, contains the peptides. 
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There is further provided a peptide including the 
amino acid sequence shown in SEQ id NO:l, SE q id No- 
2 or SEQ ID NO i 3 , which in combination with one or 
more of the other peptides including the amino acid 
sequence shown SEQ ID NO:l, SEQ ID No: 2 or SEQ ID 
NO: 3 provides a reduction in milk secretion. 



in one preferred embodiment, the peptide includes 

23 the amino acid sequence shown in SEQ ID NO : 1 or an 

24 analogue thereof. 



In another preferred embodiment, the peptide 
includes the amino acid sequence shown in SEQ ID 
28 NO: 2 or an analogue thereof. 



in a yet further preferred embodiment, the peptide 
includes the amino acid sequence shown in SEQ id 



32 NO: 3 or an analogue thereof. 



I ..;/ A further, aspect of., the invention provides a peptide 
" ^e different peptides 

the peptides including the amino acid sequence S ho*n 
SEQ_ID_NO:jL r _ SE Q p Wo: 2 Qr SE g ^ ^a, " or . 



2 
3 

4- 



5" analogues- thereof •' 



6 



8 



Preferably the peptide has a ^ 6Bular maBS 
determined by mass spectrometric analysis of between 

1000 to 3000 Da. 
10 

11 in a particular embodiment of the Mention, the 

12 peptide is glycosylated. 
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Alternatively the peptide is ^glycosylated. 



Farther, the peptides of the present invention can 

17 be in either phosphorylated or unphosphorylated 

18 form. 
19 

30 The present invention further includes truncated 

21 versions of the peptides which have been isolated 

22 from milk. 
23 

24 
25 
26 
27 



analogues of and for use in the invention as defined 
herein means a peptide modified by varying the amino 
add sequence e.g. by manipulation of the nucleic 
acid encoding the protein or by altering the protein 
3= rtself. such derivatives of the amino acid sequence 
~-> may evolve insertion, addition, deletion and/or 
substitution of one or more amino acids, while 
providing a peptide capable of influencing milk 



6 



■ secretion either on ; its mm ^-v -i„ • 

. ow n... or in combination with 

other peptides. ' 

• Preferably such analogues involve the insertion . 
addition Wrttoa-Ww ■rttat'itattei.-of 1& or' ■ 
fewer amino acids, more preferably of 5 or fewer 
and most preferably of only i or 2 ' 

Analogues also include derivatives of the defined 
Peptides, including the peptide being linked to a 
coupling partner, e. g . an effector molecule, a 
label, a drug, a toxin and/or a carrier or transport 
molecule. Techniques for coupling the peptides of ' 
the invention to both peptidyl and non-peptidyl 
coupling partners are well known in the art. 

A second aspect of the present invention provides a 
method of influencing milk secretion in animals, the 
method including the steps of administering at least 
one peptide according to the first aspect of the 
invention. 

Preferably the term animal is taken to include 
humans ♦ 

in one preferred embodiment, the animal is a cow, 
Sfoat or sheep. 



A yet further aspect of the present invention 
provides for antibodies directed to the peptides 
deluding the amino acid sequence shown in SEQ id 
N-0:l, SEQ ID No: 2 or SEQ ID NO:3. 
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Preferably said antibodies promote or improve 
lactation in humans and other mammals. 

Prefe3 : ably said antibodies promote or improve 
lactation- i-n sheep-,- cows" and" goats . - -V~V. 



An "antibody" is an immunoglobulin, whether natural 
or partly or wholly synthetically produced. The 
term also covers any polypeptide, protein or peptide 
having a binding domain which is, or is homologous 
to, an antibody binding domain. These can be 
derived from natural sources, or they may be partly . 
or wholly synthetically produced. Examples of 
antibodies are the immunoglobulin isotypes and their 
isotypic subclasses and fragments which comprise an 
antigen binding domain such as Fab, scFv, Fv, dAb 



" Fd; and diabodies 
18 



The binding member of the invention may be an 
antibody such as a monoclonal or polyclonal 
antibody, or a fragment thereof. The constant region 
of the antibody may be of any class including, but 
not lifted to, human classes Ig G , IgA , IgM , lgD ^ 
W 19*. The antibody may belong to any sub class e.g 
25 IgGl, Ig G 2, IgG3 and IgG4. 

As antibodies can be modified in a number of ways 
the term "antibody" should be construed as covering 
any binding member or substance having a binding ' 
domain with the required specificity. Thus, this 
term covers antibody fragments, derivatives, 
functional equivalents and homologues of antibodies 
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including any polypeptide comprising an ' 
innnunoglobulih binding domain, whether natural or 
wholly or partially S ynthetic.' chimeric molecules 
comprising- an immunoaio^i^ binding domain, or 



equxtraxen-t- fu^edTo- another- poiyp^SS^^ -1 
therefore included. cloning and expression of 
chimeric antibodies are described in EP-A- 012 0694 
and EP-A- 0125023 . 



It has been shown that fragments of a whole antibodv 
can perform the function of antigen binding. 

Examples of such binding fragments are (i) the Fab 
fragment consisting of VL, VH, CL and CHI domains; 
(xx) the Pd fragment consisting of the VH and CHI 
domains; (iii) the ^ fragment consisting Qf ^ ^ 
and VH domains of a single antibody; ( iv ) the dAb 
fragment (Ward, e.s. et al., Mature 341:544-546 
(1989)) which consists of a VH domain; (v) isolated 
CDF. regions; (vi) F( a b')2 fragments, a bivalent 
fragment comprising two linked Fab fragments (vii) 
single chain Fv molecules (scEV) , wherein a VH • 
domain and a VL domain are linked by a peptide 
linker which allows the two domains to associate- to • 
form an antigen binding site (Bird et al., Science 
242:423-426 (1988); Huston et al. , PNAS USA 85:5879- 
5883 (1988,); ( viil) bispecific single ^ 

dimers (PCT/US92/09965) and (ix) «diabodies" 
multivalent or multispecif ic fragments constructed 
i>y gene fusion (WO94/13804; P. Hollinger et al . , 
Proc. Jfetl. Acad. Sex. USA 90:6444-6448 (1993))] 



1. .' The term "antibody" Includes antibodies which have 
2- been "humanised". Methods for making humanised "• 
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antibodies are . known in the art'.' Methods" are 
^ SCr A^.?^;_^f^«/_in Winter, U.S. Patent No. ' 
■S- - 5,-225753-9. ■ A~ humanised- ant^ody" TO ay~be"a-' "modified" - 
antdbody having the hypervariable region of a 
monoclonal antibody such as 791T/36 and the constant 
region of a human antibody. Thus the binding member 
may comprise a human constant region. 
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A yet further aspect of the present invention 
provides a composition for influencing lactation in 
animals, the composition including a peptide 
including the amino acid sequence RPKHP IKHQG (SEQ ID 
NO: 1), AVAVSQEAN (SEQ ID N0-.2) or SEGVALD PAR (SEQ 
ID NO: 3) or an analogue thereof. 

Preferably the animal is a non-human animal. 

More preferably the animal is a cow, goat or sheep. 

Preferably the composition inhibits lactation in the 
target cells within hours of administration, with 
the response dependent on the frequency of milk 



25 removal from 'the mammary gland. 
26 
27 



Preferably the composition is administered by intra- 
ductal injection into the mammary gland at a dose 
level yielding a final concentration of peptides in 
milk in the range 0.1 to 10 micromolar. The 
administration of this dose may be repeated as 



• i 



•4 



24 
25 
26 
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required, and possibly increased when 3 iven over 

2 long periods. 

3 ' • ." -. ' • • • . ..... 



aspect- of the invention 
■WW for- each- of- the- other- : " " 



■5 - 

6 mutandis 
7 



8 in summary, the present invention provides the 

surprising and unexpected finding that at least one 
peptide which can act in combination with other 
defined peptides, inhibits the secretion of milk 
constituents in primary cell cultures that reproduce 
the activities of lactating mammary tissue. 



9 
10 
11 
12 
13 
14 

15 Description of the drawings 
16 
17 
18 



The present invention will now be described, by way 
of example only, wit h reference to the accompanying 
19 drawings, wherein; 
20 

21 Figure 1 shows the resolution of the 6-30 kDa 

22 whey fraction by Sephacryl gel filtration 
23' chromatography, 



Figure 2 shows the further resolution of gel- 
f iltration peak S4 by Superdex peptide 



27 chromatography, 
28 
29 



Figure 3 shows an example of the further 

30 resolution of the Superdex fraction P8-11A by 

31 reversed phase HPLC, 



32 
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Figure -4- shows the inhibition of protein 
secretion in acini cultures by fractions obtained ' 
through resolution of a 6 _ 30 kba fraction of cow , s 
whey proteins by Sephacryl gel filtration 



"5- chromatography; 
6 

7 

a 
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26 cell cultures. 
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Figure 5 shows the inhibition of protein 
secretion in cell culture by fractions of prepared 
by Supertax high- resolution peptide chromatography, 

Figure 6 shows inhibition of protein secretion 
r aCini components of peptide 

fractxon 8-11A resolved by reversed phase HPLC, 

Figure 7 shows the effect of peptide A on 
protein secretion in mammary cell cultures, 

Figure 8 shows the effect of peptide B on 
protein- secretion in mammary cell cultures, 

Figure 9 shows the effect, of peptide C on 
protein secretion in mammary cell cultures, and 



27 

28 Detailed Description 



The peptides of the invention exist in cow's milk 
possibly in glycosylated or phosphorylated form. ' 



W 1 8/ 5 
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1 ^fc may act together ^ inhibit a. rate of 

2 .Hi secretion in the mammary glan<J . 

> ■ 'I J5L?5^>. oan ^ ^ tained fcom 

• var lant thereon. It has bean deraonBtratea ^ 

three peptides 0£ che lnvention isolated Erom =ow 

~lk are able to inhibit the secretion of mil* 
proteins in mammary acini cultures, when the three 
peptides ere present together in a tnetien 
added to the culture medium for a two hour period, 
they are abie to inhibit protein secretion in a 
concentration-dependent manner. 

Synthetic peptides based on the ^-terminal sequence 
of the natural peptides can be syntheslsed by 
standard Fmoc amino acid chemistry. Synthetic 
peptides produced according to the ^-terminal, 
sequence of the peptides of the invention, and 
representing truncated or lo-amino acid forms of 
the natural peptides similarly inhibit the secretion 
of protein in primary cultures of mammary cells 
prepared as acini by eollagenese digestion of 
lactating tissue. inhibition is exerted acutely 
Within two hours, and is elicited in a 
concentration-dependent manner by synthetic peptides 
in combination. « ls expected that the inhibitory 
activity of synthetic peptides will aepead . ^ 
proportion of the full-length sequence synthesised 
and that the inhibitory potency of these and the 
natural peptides will depend on the ^ 



A peptide modification by glycosylation or 
2 Phosphorylation. 



3 
4 

" 5 
6 



The invention 'is applicable t o any res ponsiv e 
to the ifiEi^itSiyp-epti-des-asfinBa-uirei^-. In ... ..; . 
addition, the demand-led relationship between .ilk 
-p P l y and mil* removal in most if not all mammals 
predicts that the same effects will be demonstrable 
a relation to the peptides .£ the invention 
obtains from milk of other species, in rels^ Co 
11 that species. m man, administration by a suitable 
- rente of the peptides, or antibodies thereto, may be 
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applied to improve or suppress lactation. In dairy 
X- cows, there maybe a need to reduce milk yield in 



— y^exa xn 

order to maintain production within quota limits, in 
W hxch case the inhibitory peptides themselves are 
administered. Por intra-ductal injection of 
Peptides into the mammary gland, a dose yielding a 
final concentration of peptides in mil* in the range 
O.Ol-l.o micromolar is likely to be effective,, and 
should be repeated as required, and possibly 
increased when given over long periods. 

Conversely, passive immunisation methods using 
antibodies against the peptides may be used to 
generate a reduction in the effect of the natural 
xnhxbitory peptides when this is desired in order to 
increase milk supply in lactating animals. 

Antibodies against the natural peptides of the 
invention or against their synthetic analogues can 
be raised by conventional methods e.g. as polyclonal 



14 



antlS6ra ' m ° USe monoclonal antibodies, cow-mouse 
hybrid monoclonal antibodies or as engineered 
antibodies, by any of the currently available 

^^^22!«i^J^« -d adjuvants -known 
Ift va-ccin^-tion-can- tar^r'lSaS^S; 



~-«- O.NJCLJ.lJ.U t 

synthetic truncated peptides based on the sequence 
of the peptides of the invention may be used to 
isolate the natural peptides from cow's milk 
extracts, or to control milk supply as described 
above. 



EXAMPLE 

Preparation of cow milk fractions 



Milk was collected at the morning milking from 
Friesian cows, and was defatted by centrifugation 
(2500g, 15 °C, 20 min) and filtered through glass 
wool. casein in defatted milk was precipitated by 
dropwise addition of concentrated HCl until the p H 

reached 4.6. After stirrinc, for in - 

ing ror 10 mm, casein was 

sedxmented by centrifugation (2500g, 15 <>c, 20 min) 
and the clear whey supernatant was filtered through 
glass fibre membranes of decreasing pore eise, the 

anal membrane made of polyethersulphone having a 
cut-off of 0.45 microns. The whey fraction was 
subjected to ultrafiltration using a filter with a 
nominal cut-off value of molecular weight30,000 
Daltons (Da) . The filtrate was dialysed for 24 h 
against 10 mM sodium acetate buffer P H 4 6 
containing l.SmM e-aminocaproic acid, 100 uM 
glutathione, ImM EDTA and ImM EGTA using a dialysis 
membrane with a nominal molecular weight cut-off of 



• W I O \J t O «* w -| 



w 1 



15 



.1 



"5- 



6,000 Da, and. was then adjusted to P H 7.0 by 
•2 addition of WaOH. The neutralised filtrate was 

3 ' dialysed against 2mM phosphate buffer pH 7 . 0 

4 ; ; containing l.SmM e-aminocaproic acid, 100 uM 
^tathi-oneT **FW and" F^T^FfoTli^^- - 

6 then freeze dried. 
7 
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Gel Filtration Chromatography 



The S-30>Da whey fraction was resolved of * v< _»_ p 
Sephacryl s-100 High -Resolution gel filtration 
column (Pharmacia) using a Past Protein Liquid 
Chromatography (pp LC ) system (Pharmacia). The 
freeze-dried whey fraction was reconstituted in one 
tenth its volume before freeze-drying, and the 
solution was clarified by filtration through a 0 22 

17 . um filter. The chromatography buffer was 20 mM 

18 phosphate buffer p H 7 . 0 containing 0 . 15 m NaCI , and 

19 was filtered through a 0.22 pm filter and degassed 

20 before use. Two ml of the 10 X concentrated whey 

21 fraction was loaded for each separation. The flow 

22 was 1ml /min. 
23 

Fractions containing protein peaks eluted from the 
column were tested for inhibitory activity in a cell 
culture bioassay (see below) , and fractions spanning 
one protein peak containing inhibitory activity 
designated peak 34. were combined and desalted by 
passage through a column composed of Poros 50 R 2 
composed of cross-linked poly (etyrene-divinylbenzene 
31 (Perseptive Biosystems) . Protein bound to the 

column was washed with distilled water, and then ' 



«P 20/ 3- 



'• " • . is 

l 'eluted with Ml lv/v) acetonitrile in distilled 
.2 water. The inhibitory fraction was then 

3 - concentrated under a gtr« m "r'^su 

• . a strea ™ of nitrogen and freeze 

4 • dried. » — - - ' - 



A second peak of inhibitory material , 



6 further- purification to be practicable 
7 

8 Fraction S4 was resolved father on a Superdex 

9 Peptide HR 10/ 30 column (Pharmacia) using an FPLC 
10 system. Dried fraction was reconstituted <« 0 2-0 a 
" ml Of solution of 0.2 mM AEBSF, 10 mM edta and 10 ^ 

EGTA, and chromatography was performed in 20 mM 
Phosphate buffer pH 7.0 containing 0 .25 M MaCl at a 
14 flow rate of , ml/mi ^ Practione CQntaining 

-5 peaks eluting from the column were collected. These 



11 

12 
13 



15 
16 
17 
18 
IS 
20 



22 
23 
24 
25 



27 
28 
29 
30 
31 



. — j.j.c^ucu . xn« 

were either desalted on a Poros column and freeze 
drxed as described above for assay of inhibitory 
actxvity, or were freeze dried immediately for 
further fractionation. Inhibitory material was 
detected in the leading edge of the major peak. 



21 designated fraction P8-11A. 



Fraction PS-iia was resolved further using a 
reversed phase HPLC column Genesis 25 cm CIS, 4 p- 
Jones chromatography) on a Spectra Physics hplc 

26 system. Sample containing the equivalent of one 

27 superdex fraction P8-11A was dissolved in water and 

28 loaded in a volume of 0.2 ml. The column was eluted 
wrth a gradient of 0-60% acetonitrile in 0 .1% (w/v) 
trxfluoroacetic acid (TFA) , and 1 ml fractions of 
the eluate were collected. HPLC fractions were 



« ^ 1 <H OK/ t Ot-yj t 
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1- freeze dried, and tested for inhibitory aotivity aB 
2 described above. 
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Mammary cells were prepared from tissue of lactat 7n 3 
mice by collagenase digestion according to the 
method of K Hendry, K Simpson, K Nicholas &. c Wilde 
Journal of Molecular Endocrinology 21: 169-177 
<1999> . The resultant suspension of mammary acin< 
consisted predominantly of groups of 50-200 cells 
and was cultured- in medium (Medium 199/Ws F12 • ' 
50:50 v/v) containing insulin (5 pg/ml) 
hydrocortisone (0.1 » g/ml) and prolacti ; (1 pg/ml) 
Culture density was 1.5 x io* cells/ml, and cells 
were maintained at 37°C in an atmosphere of 5% cc, in 
- < axr . Proteia eynthesis ^ Becret . on were measu;red 

by continuous labelling with *- [4. 5 -3H] leucine (40- 
70 mCi/xnmol; 10-20 u c±/«i) for 2 h in the presence 
or absence of mil* fractions at concentrations of 
0.2 - 4.0 ug/mi) or synthetic peptides (Q<01 _ 1(J . 
22 uM> . Milk extracts or synthetic peptide were 
« dissolved and diluted in 10 mM Hepes buffer pH 7 4 
and control cultures containing only diluent were ' 
included in each experiment. The culture was 
terminated by centrifugation of the cell suspension 
C2000 g , 2 rain) , and the cell pellet and supernatant 
were f rosen and stored separately for assay of DW& 
and protein secretion respectively. Radiolabel 
incorporation was measured by precipitation with 
trichloroacetic acid (final concentration 10% w/v) 
Cell lysates were prepared by sonication using a ' . 
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1 : Wes. icrso cell disrupter (setting 20, 15 s) in 01 

^ PH 7:4 — - 2 .« - - A L! 

^^J^try 102,_ 344-352 (l 980 ) - 
secrecy a^fity *^ «q^~^^^^:--- ;;; - 

Cellular- TMvT7V 



6 cellular DMA. 
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*. eaount of radiolabeled protein secreted by 
»ss e=pre SSK3 „ . P= „„ t=gs 0 , 

u ^ Ce " B t0 - faction or 

" PaP - lde "** » •«* expert, treatments 

13 «. replicated in . minimm of ^ ^ 

results £or _ 

valuea for those „u, values shown in pigutes ^ 
are th* ^ for taree „ f _ ^ er 

test^ a Cerent preparation or mil* f racCions 
Error oars show the standard error or the Man ^ 
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4 shows the inhibition ot protein 
» .cm cultures by fractions obtained thrown 
resolution of a 6-3o toa fraction of cow-a whey 
prots^ by Sephaoryl ga l f iltration chromatography. 
«■«. « shown the inhibition of protein secretin 

Mgh-resolution peptide chromatography 
Figure , shown inhibition of protein secretion in 
"a™.ary acini cultures by components of peptide 
fraction 8 - 11A resolved by reversed phase HPLC 



1 Preparation oi syndic wtiaaa ! baM(J m natural 
^ . peptide segaeaces 
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JJj^erm|nal s^ncing_of_th e inhibitory HPLC 
fraction elu^xTg a^S^^S^^ 
three peptides with the N-terminal sequences. 



8 Peptide A: RPKHPIKHQG 

9 Peptide B: AVASQEAN 
10 Peptide C: SSGVALDPAR 
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Peptide a was identified as the N- terim' na i 

" u " e M terminal sequence 
of « 9l -casein. Peptides B and c have limited 
' - homology to known amino acid sequence data 

(SwissProt protein sequence database) . Mass 
spectrometry analysis indicated that peptides had 
masses in the range 1000 - 3000 Daltons. 

Peptide A was produced synthetically by chymosin 
digestion of a 3l -casein purified by a modification of 
the method of B. L ahov and W Regelson, Pood 
Chemistry and Toxicology 34,1 131-145 1996, The N- 

23 terminal fragment of mass 2762 was isolated from the 

24 chymosin digest by reversed phase chromatography 

25 system. This peptide consists of a 23 amino acid 
sequence at the N-terminus of the a fll -casein protein. 

N-terminal sequences of Peptides B and C comprising 
*xne and ten amino acids respectively were 
synthesised by solid phase synthesis using *no C 
amino acids coupled by the PyBOP/HOBt/DlPEA method. 
The peptides were cleaved from the resin with 80% ' 
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1 ,., .^ Plus suitable scavenger, and purged by reverse, 
phase HPLC on a Phenomena* Luna 10 .p ci* column o<> 

dlmenSi0nS 25cm X «-l»sr a linear gradient "of 

__ W ater_ t o 100% acetonitrile in 0.1%. T PA 
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Manonary culture bioassay of synthetic peptides 



Protexn secretion was measured in mammary acini 
cultures in the presence and absence of synthetic 
Peptides. Peptides were added sinolv or i* 
combi nation at eq ui molar ^ a 

of 0.01 - 10 . 0 pM. in each experiment, treatment, 
were replicated in a minimum of three 
^ results for individual experiments were mean ' 
values for those wells. Values shown in Figures 7-9 

£ sTnH SXPeri — — bare snow 

the standard error of the mean for these 
18 experiments . 
19 

Stati BtioaJ analysis of bioaesay fct> 
together, the three peptides exhibited a 
concentration-dependent inhibition of secretion 

inhibition of secretion was obtained at 'a 
concentration of O.X-i.OpM of each peptide. None of 
the peptides tested individually inhibited secretion 
to thrs extent, and at higher concentrations the 
inhibitory action of peptide A was counteracted by a 
stimulatory effect of peptide B. The effects of the 
synthetic peptides indicate that inhibition of 
secretion by the HPLC fraction containing natural 
peptides with the same »- terminal sequences is due • 
to the combined actions of the peptides, and is 



1 • ..iinlikely. to be conferred by any one constituent of 

2 ■ the active HPLC fraction. 



3 
4 

6 



P^reej^J and 9 show_th s effect of peptides A, B 
and -Q-on-px-atein- ^r^-an^^^^^^—^ 
Fxgure 10 shows the effect of a combination of 
J Prides A, B and C on protein secretion in mammary 
8 cell cultures. 
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All documents referred to in this specification are 
herein incorporated by reference. Various 
modifications and variations to the described- 
embodiments of the inventions will be apparent to 
these skilled in the art without departing, from the 
scope of the invention. Although the invention has 
been described in connection with specific preferred 
embodiments, it should be fchat ^ 

invention as claimed should not be unduly limited to 
19 such specific embodiments, indeed, various 

modifications of the described modes of carrying out 
the invention which are obvioua to those ski n ed in 
the art are intended to be covered by the present 
23 invention. 
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